In general, because propeller may be operating at an angle of attack to the oncoming flow, the 1-axis is chosen to coincide with the propeller shaft (see Fig. 1 ) in order to simplify the description of the source motion.
As a result, motion of the sources is confined to the transverse planes described by the 2-and 3-axes. Therefore, it is readily seen that
where a is the propeller angle of attack with respect to oncoming flow as depicted in Fig. (1 
where the auxiliary derivative operator :Dj(t) has been introduced for notational brevity.
The temporal derivatives can now be removed using integration by parts, and the integral over t, which involves a delta function, can then be easily evaluated to yield 
(sf) 1 N, The results of this study are shown in Fig. 3 To further emphasize this accuracy, a comparison between the asymptotically and numerically computed sideline directivity of total SPL (thickness + loading + quadrupole) is presented in Fig. 4 . The operating conditions and observer locations are the same as those in Fig. 3 Inset: Experimental Data.
